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ed.2013.Abstract Background: Posterolateral fusion (PLF) is a common method for achieving fusion in
lumbar spine surgery. Posterior lumbar inter-body fusion (PLIF) has been reported to give a higher
fusion rate and a better functional and clinical outcome.
Objectives: The objective of the review was to determine whether PLIF is more effective than
PLF in improving clinical and radiological outcomes in adults surgically treated for degenerative
lumbar spine conditions.
Methods: Electronic databases, bibliographies and relevant journals were searched systemati-
cally, and a meta-analysis was conducted.
Results: Of 2798 citations identiﬁed, ﬁve studies met our inclusion criteria; none was a random-
ized controlled trial. A total of 148 patients had undergone PLIF (intervention) and 159 PLF (con-
trol). Pooled meta-analyses showed that non-union rates were lower in the intervention group
(relative risk (RR), 0.22; 95% conﬁdence interval (CI), 0.08–0.62). The intervention group had sig-
niﬁcantly heavier disc height (weighted mean difference, 3.2 mm; 95% CI, 1.9–4.4) and less residual
percentage slippage (weighted mean difference, 6.3%; 95% CI, 3.9–8.7) at ﬁnal follow-up. No sig-
niﬁcant difference in segmental or total lumbar lordosis was seen. Because of the heterogeneity of
the results, no conclusion could be drawn about the functional beneﬁts of the two procedures.
Conclusion: This review suggests that PLIF results in a higher fusion rate and better correction of
certain radiographic aspects of deformity than PLF. It also showed a slight but nonsigniﬁcant trend
towards a better functional outcome with PLIF. The lack of randomized controlled trials and the
methodological limitations of the available studies indicate the need for a sufﬁciently large, method-
ologically sound study with clinically relevant outcome measures. Until this has been done, the evi-
dence for the beneﬁcial effects of posterior inter-body fusion should be interpreted with caution.
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Posterolateral spinal fusion (PLF) is a long-established proce-
dure for treating various degenerative disorders of the lumbar
spine.1 Recently, other techniques have been described for
fusion of the lumbar spine, including posterior lumbar
inter-body fusion (PLIF)2 and unilateral transforaminal poster-
ior lumbar inter-body fusion (TLIF).3 The addition of inter-
body fusion allows decompression of the exiting nerve root by
distracting the collapsed disc space and optimizes fusion in the
load-bearing vertebral bodies with a rich blood supply. Inter-
body fusion can be performed by an anterior or a posterior ap-
proach. PLIF is more technically demanding and is associated
with a higher rate of complications than posterolateral fusion
alone; it also adds time and cost to the procedure.4,5 A few stud-
ies have been conducted to compare PLF and PLIF in the treat-
ment of degenerative lumbar spine conditions;6–10 however, the
small sample sizes and the use of differentmethods to assess out-
come have limited the clinical relevance of the ﬁndings.
The objective of this systematic review was to determine
whether the addition of inter-body fusion to posterolateral fu-
sion improves the clinical and radiological outcomes of adults
patients undergoing surgical treatment for degenerative condi-
tions of the lumbar spine, by comparing PLF with PLIF with
regard to fusion, radiological correction of deformity, func-
tional outcome and complications.
Material and Methods
Literature search
A computerized search of the electronic databases EMBASE
(1980–2006) and Ovid Medline and PubMed (1966–February
2006) was performed. Hand searches of the European Spine Jour-
nal,Spine andThe Journal of Spinal Disorders and Techniqueswere
also conducted, and the reference lists of the identiﬁed studies
and reviews were examined to identify further studies.
Inclusion criteria
The inclusion criteria were: (i) adult patients undergoing surgery
for degenerative conditions of the lumbar spine, excluding tu-
mour trauma and infection, with a minimum follow-up of
2 years, (ii) PLFwith or without instrumentation was compared
PLIF or TLIFwith or without instrumentation and (iii) the out-
come measure was the functional outcome of patients.
Assessment of study quality
Each published study was assessed for the quality of the study
design on the Ottawa–Newcastle 8-point scale for assessing
non-randomized studies.11 This scale grades the reporting of
studies by representativeness of sample, baseline factors,
assessment of outcome, statistical analysis or study design,
and length of follow-up.
Data extraction
From each eligible study, data were extracted and checked the
accuracy. The data consisted of the sizes and demographicdata of the intervention and control groups, type of fusion,
underlying diagnoses, length of follow-up, loss to follow-up,
fusion rate, radiological parameters and clinical outcomes at
ﬁnal follow-up.
Data analysis
Because of the variety of clinical outcomes, surgical results
were predeﬁned as satisfactory if the patient had a score of
<40 on the Oswestry index or >7 on the Prolo scale, a
>40% gain in the Beaujon score or if the ﬁnal outcome was
rated as excellent or good. An outcome rating of ‘excellent’,
‘good’, ‘signiﬁcantly better’, ‘satisﬁed’ or ‘success’ was consid-
ered satisfactory, whereas ratings of ‘fair’, ‘poor’, ‘same’,
‘worse’, ‘slightly satisﬁed’, ‘slightly dissatisﬁed’ or ‘unsuccess-
ful’ were classiﬁed as unsatisfactory clinical outcomes.
For each study, the abstracted data were entered into the
Review manager 4.2 software for statistical analysis. Pooled
relative risks for dichotomous variables (complication, non-
union or poor outcome) and weighted mean differences of con-
tinuous variables (ﬁnal disc space height and percentage slip of
spondylolisthesis) were calculated with a random-effects
model12 and used to compare PLF and PLIF. The statistical
heterogeneity of the pooled studies was analysed with the Hig-
gin I2 test and was considered signiﬁcant at p< .1.13Results
Study identiﬁcation
The literature search identiﬁed 2798 potentially relevant citations,
1982 fromMedline and 816 fromEMBASE.Applicationof the eli-
gibility criteria eliminatedall but ﬁve articles for our study, four ret-
rospective and one prospective non-randomized trial. Isthmic
spondylolisthesis was the pre-operative diagnosis in four stud-
ies,6,7,9,10 and degenerative disc disease, recurrent disc herniation,
spondylolisthesis and spinal stenosis were the indications for sur-
gery in the ﬁfth.8 The sample size ranged from 35 to 100 patients.
A total of 307 patients were evaluated, 148 of whom underwent
PLIF (intervention) group and 159 PLF (control). All patients
had been followed-up for a minimum of 2 years. The details of
the included studies are summarized in Table 1.
Study quality
Only one study stated clearly that the cases represented all the
patients who had undergone the intervention during the study
period.8 The only prospective study6 did not give details of the
representativeness of the sample or baseline factors, did not
use a validated outcome assessment scale and did not ade-
quately describe the surgical details or the study design and
statistical analysis. Validated outcome assessment scales were
used in only one study.9 The average follow-up period was
2–3 years in all but one study, which had a 6-year follow-
up.6 None of the studies met the criteria for high quality on
the Ottawa–Newcastle scale. The patient-speciﬁc functional
outcome evaluation tools used included: the Oswestry disabil-
ity index, the Prolo economic and functional scale, Beaujon
score, modiﬁed Somatic Perception Questionnaire, Zung
depression scale and Kirkaldy–Willis criteria.
Table 1: Characteristics of the studies included in the review.
Reference Method Participants Intervention Outcome measure
Suk et al. [10] Retrospective
3.3-year follow-up
76 patients aged 30–60 years,
with spondylolytic spondylolisthesis
40 PLF (1988–1991)
36 PLIF + PLF (1991–1993)
Kirkaldy–Willis criteria
Madan and
Boeree [9]
Retrospective
2.1-year follow-up
44 patients (27 male, 17 female) aged
24–67 years, with isthmic spondylisthesis
21 PLIF + PLF
21 PLF
Oswestry disability
index; Zung depression
scale; MSPQ; VAS,
core set, pain drawing
Lidar et al. [8] Retrospective
2-year follow-up
100 patients (60 male, 40 female) aged 42–50,
with degenerative disc disease (48),
recurrent disc herniation [22], spondylisthesis
[16], spinal stenosis [14]
45 PLIF + non-instrumented
fusion
55 PLF with instrumentation
Prolo economic and
functional scale;
complications,
fusion rate
Dehoux et al. [6] Prospective
non-randomized
6-year follow-up
52 patients aged 14–63 years with isthmic
spondylisthesis
27 PLIF
25 PLF
Modiﬁed Beaujon
score; fusion rate
La Rosa et al. [7] Retrospective
2-year follow-up
35 patients (21 male, 14 female) aged
32–74 years, with isthmic spondylisthesis
17 PLIF (1999–2000)
18 PLF (1997–1999)
Prolo economic and
functional scale
PLF, posterolateral fusion; PLIF, posterior inter-body fusion.
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Two studies deﬁned solid fusion as the formation of crossing
bony trabeculae and motion <4 on ﬂexion–extension on
radiographs.7,10 Madan et al.9 used these criteria to deﬁne un-
ion in addition to the Lenke et al. criteria for bony union,14
and La Rosa et al. added the absence of a halo around the im-
plant on radiograph to deﬁne solid union.7 Bony fusion was
graded according to the Brantigan and Steffee classiﬁcation15
in the study of Lidar.8 The radiological criteria and classiﬁca-
tion of fusion data were not reported in one study.6
In the pooled results, nonunion was observed in three pa-
tients (2%) in the intervention group (PLIF) and 21 patients
(13%) who underwent PLF. This difference was statistically
signiﬁcant (p= .002, RR= 0.21, 95% CI = 0.08, 0.56;
Figure 1).
Radiological correction of deformity
Four studies evaluated radiological correction of deformity (7–
10), each with a different method. The intervention group
had signiﬁcantly higher disk height (weight mean differ-
ence = 3.2 mm, 95% CI = 1.9, 4.4) and residual percentage
slippage (weighted mean difference = 6.3%, 95% CI = 3.9,
8.7) at ﬁnal follow-up. No signiﬁcant difference was found in
segmental or total lumbar lordosis.n:number of events. N: total number of patients within the g
Figure 1: Fusion rates with inter-body fusion (inteFunctional outcomes
The instruments used to assess functional outcome are summa-
rized in Table 1. Multiple validated outcome assessment scales
were used in only one study,9 which was also the only one in
our review that showed a signiﬁcantly better functional out-
come in the control group (PLF). Although the other four
studies found better functional outcomes in the intervention
group,6–8,10 none had sufﬁcient numbers to show statistical sig-
niﬁcance. On the basis of pre-speciﬁed deﬁnitions for satisfac-
tory and unsatisfactory results, 120 patients (81%) in the
intervention group (PLIF) and 122 patients (77%) in the con-
trol group (PLF) had a satisfactory outcome (good or excel-
lent), indicating no difference between the two groups
(Figure 2).
Complications
Dehoux6 reported eight cases of persistent post-operative
low-back pain that required hardware removal in the control
group (PLF). The method used to diagnose the cause of the
pain was not reported, nor whether it was improved
after hardware removal. Two complications were reported
in the intervention group (PLIF): in one case there was
mechanical failure due to a very short fusion, and in the
other the cage could not be inserted because of a veryroup. RR: relative risk. CI:confidence interval . 
rvention) and posterolateral fusion (control).
n:number of events. N: total number of patients within the group. RR: relative risk. CI:confidence interval .  
Figure 2: Functional outcomes after inter-body fusion (intervention) and after posterolateral fusion (control).
10 S. Fallatahnarrow canal. These two complications could have been
avoided by careful pre-operative planning, and the descrip-
tions of the eight cases of persistent back pain were incom-
plete; therefore, these 10 complications were eliminated from
the pooled analysis.
In the pooled analysis (Figure 3), there was no signiﬁcant
difference between the two groups in the rate of complications,
with nine (6%) in the intervention group (PLIF) and 10 (6.2%)
in the control group (PLF).Discussion
This review shows that PLIF improves disc height and reduces
slip percentage, with a tendency to loss of correction over time.
It has been reported previously that poor sagittal balance post-
operatively leads to adjacent segment degeneration and poor
results.20 The review showed no difference in segmental or to-
tal lordosis. The multiple deﬁciencies in the ﬁve studies identi-
ﬁed, however, made analysis difﬁcult. I was unable to abstract
enough details to pool the radiological outcomes in all studies.
Correction of radiological deformities (e.g. disc height and lis-
thesis reduction) were reported differently by Lidar and could
therefore not be pooled; in one study,6 the only radiological
parameter reported was fusion.
Madan’s retrospective review,9 in which multiple functional
outcome assessment scales were used and detailed post-operative
evaluation was performed showed better functional outcome
in the group treated with PLF than with inter-body fusion.
He attributed this outcome, however, to selection bias (age,
sex, extent of listhesis and disc degeneration) and retractionn:number of events. N: total number of patients within the 
Figure 3: Rates of complications after inter-body fusion (and scarring of the nerve roots and thecal sac. The quality of
the studies included in this review obviated any conclusion
on these factors.
Most of the methodological criteria for research overviews
were met in this review. It had explicit inclusion and exclusion
criteria, included assessment of the methodological quality of
the studies, demonstrated the reproducibility of selection and
assessment criteria and included a quantitative analysis. Poten-
tial selection bias was eliminated by rigorously searching many
databases and reference lists, and all aspects of the selection
process were conducted in duplicate.16–18 The major limitation
of this review is the poor quality of the studies, which affected
the quality of the cumulative data. None of the studies met the
criteria of high quality on the Ottawa–Newcastle scale.11
Bhandari et al.19 stated that deﬁnitive conclusions can be
reached only when high-quality randomized trials are pooled.
High fusion rates have been found with inter-body fu-
sion.5,21,23–30 Lowe et al.22 reported a 90% fusion rate and
85% satisfactory clinical outcome with TLIF. Although fusion
is often considered a satisfactory surgical outcome, I did not
ﬁnd that the functional outcome was better with inter-body fu-
sion than with posterolateral fusion, even though the former
group had a higher fusion rate. This might be due in part to
the quality and design of the studies, and larger sample would
be required to detect a small difference. Another possible rea-
son is the short follow-up in most of the studies; it is possible
that the results might be different with longer follow-up.
Although fusion is important when evaluating the functional
outcome after degenerative lumbar spine surgery, it is also cru-
cial to recognize other factors, such as confounding comorbid
conditions, pre-operative diagnosis and patient selection.group. RR: relative risk.  CI:confidence interval . 
intervention) and after posterolateral fusion (control).
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so. Recent reviews on the same topic indicated a slightly better
outcome and restoration of lordosis in the group treated by in-
ter-body fusion but no clinically signiﬁcant difference between
PLF and PLIF.28–30 This is why we felt further reviews are
needed in an attempt to identify such differences.
TLIF was developed to address some of the complications
associated with PLIF.22,23 All the inter-body interventions in
the studies included in this review were performed with the
PLIF technique, and the complication rate was no higher than
that in the control group.
Conclusion
In conclusion, this review suggests that PLIF improves the fu-
sion rate, correction of disc height and reduction of spondylolis-
thesis slip percentage. There were, however, no signiﬁcant
differences in functional outcome, ﬁnal segmental or lordotic
angle or complication rates over PLF. These conclusions are
limited by the poor quality of the studies, which indicates the
need for sufﬁciently large, methodologically sound studies to as-
sess clinically relevant end-points. Until such studies are per-
formed, the evidence regarding the value of adding posterior
lumbar body fusion to the surgical management of degenerative
lumbar spine diseases should be interpreted with caution.
References
1. Hibbs RH. An operation for progressive spinal deformities. N Y
Med J 1911; 93: 1013–1016.
2. Cloward RB. The treatment of ruptured intervertebral disc by
vertebral body fusion. Indications, operative techniques and
aftercare. J Neurosurg 1953; 10: 154.
3. Blume HG, Rojas CH. Unilateral lumbar interbody fusion
(posterior approach) utilizing dowel graft. J Neurol Orthop Surg
1981; 2: 171–175.
4. Turner PL. Neurologic complications of posterior lumbar inter-
body fusion. In: Presented at the annual meeting of the Spine
Society of Australia, Melbourne; 14 May 1994.
5. Ray CD. Threaded titanium cages for lumbar interbody fusions.
Spine 1997; 22: 667–680.
6. Dehoux E, Fourati E, Madi K, Reddy B, Segal P. Posterolateral
versus interbody fusion in isthmic spondylolisthesis: functional
results in 52 cases with a minimum follow-up of 6 years. Acta
Orthop Belg 2004; 70(6): 578–582.
7. La Rosa G, Conti A, Cacciola F, Cardali S, La Torre D,
Gambadauro NM, Tomasello F. Pedicle screw ﬁxation for isthmic
spondylolisthesis: does posterior lumbar interbody fusion improve
outcome over posterior fusion? J Neurosurg 2003; 99: 143–150.
8. Lidar Z, Beaumont A, Lifshutz J, Maiman DJ. Clinical and
radiological relationship betweenposterior lumbar interbody fusion
and posterolateral lumbar fusion. Surg Neurol 2005; 64: 303–308.
9. Madan S, Boeree NR. Outcome of posterior lumbar interbody
fusion versus posterolateral fusion for spondylolytic spondylolis-
thesis. Spine 2002; 27: 1536–1542.
10. Suk S, Lee C, Kim W, et al. Adding posterior lumbar interbody
fusion to pedicle screw ﬁxation and posterolateral fusion after
decompression in spondylolytic spondylolisthesis. Spine 1997; 22:
210–220.11. Wells GA, Shea B, O’Connell D, et al. The Newcastle–Ottawa scale
for assessing the quality of nonrandomized studies in meta-analyses.
<www.ohri.ca/programs/clinical_epidemiology/oxford.htm>.
12. Dersimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials 1986; 7: 177–188.
13. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002; 21: 1539–1558.
14. Lenke LG, Bridwell KH, Bullis D, et al. Results of in situ fusion
for isthmic spondylolisthesis. J Spinal Disord 1992; 5: 433–442.
15. Brantigan JW, Steffee AD. A carbon ﬁber implant to aid
interbody lumbar fusion. Two-year clinical results in the ﬁrst 26
patients. Spine 1993; 18: 2106–2107.
16. Bailar 3rd JC. The promise and problems of meta-analysis. New
Engl J Med 1997; 337: 559–561.
17. Naylor CD. Meta-analysis and the meta-epidemiology of clinical
research. BMJ 1997; 315: 617–619.
18. Haselkorn JK, Turner JA, Diehr PK, et al. Meta-analysis: a
useful tool for the spine researcher. Spine 1994; 19:
2256S–2265S.
19. Bhandari M, Morrow F, Kulkarni AV, Tornetta 3rd P. Meta-
analyses in orthopaedic surgery: a systematic review of their
methodologies. J Bone Joint Surg Am 2001; 83: 15–24.
20. Kumar MN, Baklanov A, Chopin D. Correlation between sagittal
plane changes and adjacent segment degeneration following
lumbar spine fusion. Eur Spine J 2001; 10: 314–319.
21. Steffee A, Sitkowski D. Posterior lumbar interbody fusion and
plates. Clin Orthop 1988; 227: 99–102.
22. Lowe TG, Tahernia A, David O, et al. Unilateral transforaminal
posterior lumbar interbody fusion (TLIF): indications, technique,
and 2-year results. J Spine Disord 2002; 15: 31–38.
23. Kim JS, Jung B, Lee SH. Instrumented minimally invasive spinal–
transforaminal lumbar interbody fusion (MIS-TLIF); minimum 5-
years follow-up with clinical and radiologic outcomes. J Spinal
Disord Tech 2012 [E-pub ahead of print].
24. Aoki Y, Yamagata M, Ikeda Y, et al. A prospective randomized
controlled study comparing transforaminal lumbar interbody
fusion techniques for degenerative spondylolisthesis: unilateral
pedicle screw and 1 cage versus bilateral pedicle screws and 2
cages. J Neurosurg Spine 2012; 17(2): 153–159.
25. Takahashi T, Hanakita J, Minami M, et al. Clinical outcomes and
adverse events following transforaminal interbody fusion for
lumbar degenerative spondylolisthesis in elderly patients. Neurol
Med Chir (Tokyo) 2011; 51(12): 829–835.
26. Edward Cunningham J, Elling EM, Milton AH, Robertson PA.
What is the optimum fusion technique for adult isthmic spond-
ylolisthesis––PLIF or PLF? A long-term prospective cohort
comparison study. J Spinal Disord Tech 2011 [E-pub ahead of
print].
27. Zhou ZJ, Zhao FD, Fang XQ, Zhao X, Fan SW. Meta-analysis of
instrumented posterior interbody fusion versus instrumented
posterolateral fusion in the lumbar spine. J Neurosurg Spine
2011; 15(3): 295–310.
28. Han X, Zhu Y, Cui C, Wu Y. A meta-analysis of circumferential
fusion versus instrumented posterolateral fusion in the lumbar
spine. Spine (Philadelphia) 2009; 34(17): E618–E625.
29. Kim KT, Lee SH, Lee YH, Bae SC, Suk KS. Clinical outcomes of
3 fusion methods through the posterior approach in the lumbar
spine. Spine (Philadelphia) 2006; 31(12): 1351–1357.
30. Ekman P, Mo¨ller H, Tullberg T, Neumann P, Hedlund R.
Posterior lumbar interbody fusion versus posterolateral fusion in
adult isthmic spondylolisthesis. Spine (Philadelphia) 2007; 32(20):
2178–2183.
